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(54) SPLIT GATE MEMORY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a nonvolatile 
memory device excellent in power efficiency and suitable 
for low power application, by a method wherein electric 
charges carriers generated from a source of a source 
area range over a channel area and accelerate, and are 
implanted into a dielectric layer located in a floating gate 
or under a control gate, and a selective gate controls a 
channel current. 

SOLUTION: A nonvolatile memory(NVM) device 
comprises a control gate 32 on a first portion of a 
channel area near a source, and split gate field-effect 
transistors(FET) having a selection gate 16 on a second 
portion of a channel area 38 near a drain. When the NVM 
device is programmed, electric charges carriers of a first 
polarity accelerate in the second portion of the channel 
area 38 under the selection gate 16, and are implanted 
into a lower dielectric layer 14 of the control gate 32. 
When data are read from the NVM device, a read voltage . . 
is applied to a drain adjacent to the selection gate 16 a 

current of a bit line coupled to the drain of FET is detected, and data are read out. 
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fiiintwiH^ 1 mmicn\^i-?,f^2imi:i:^-r?>m i 
MIS : mm^mmin^i^f^<n k^-t :^MiS : fney- 

n^AmBmm,^mm:^^-f- tmmm i ^«s<^we 
m<r>m 2 WM>mwm-m^mm.^-<—^ t wia^-r^/i' 

(o±ic^-ti>m^ : Sfrgay-;^««»cpg^-rssffiE 



2 

y •-fe/M±flirieit^^jS«iS«rt»y-p^» 'f^^ji^m 

Wia y->^Mit»-P^tt-s*frffi^^^/u«igcrom 2 sp^j- 
ro±ic#?5Et-s^ 2 t , 

*y • -ir/pcoT u-r' ■.mBTu-f{^(Dmmm^<nm<r>o 

hmifiiKii^'X^^^V • -tr/KZJWK K WV'^lietc- 
«ji^'a-^tt,?>^2 if-yh^; mfiST u-n^ostifem 
«^TW5*>^l^T^cJol/^T^>^y • -tr/K?3Wiaiii#iy 
- h J^Sg-a- $ 5 ^ 1 S^i^ : tfri2T WIE^i: 

-hiC^-g-$iX.^M2jl^lS ; flfrf2llltTF*iC0=S-p<^y 

?>m2mmi^ ii^t^mmminis^rjmmm2np^(D 

^>^y • -ir/KDWfey-;^MJS!cfe-&$ti?,y-^ 
y-h • ;x*ysi@„ 

I!»*:«5l ^7°y 2/ h • y- h • ;^^y^ST'&c 

y --fe/ni, 

m^mmh'i^4ymmA-ibmx>b. tr^wy-^® 

^(D±ic^iEi-i>m 1 t . 

WE y -^tiJS icpg^i-s WE^ ^^/^m<Dfs 2 gc^i- 
WE^ft!^ -^itm- m^t^mwM (o± {^n^i^-r 5 mm 

*y --fe/Korw ; WET wrt»WE^IS:(O^J<o5 
%Ml^J^c^3l,^r§•;<^y • -t/wcDWE k i^-r 

1 fs/ h«a ; WETH't^roWEIticoJiJ 
so ©5*)^25!JfC*JV^T=&^^y • •fe-'K/JWE KL'WVM 
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[0001] 

[0 0 0 2] 

6<j|c:ri*BiHg»iZ>^He^.ett5J*fflp(-^-y (eeprom: Eiec 

trically Erasable Progranuoable Read Only Memory ) 

^m-t^:ii:ii^X^t?>o EEPROM-fe/Hi, M^^^hv:^ 

-JT^^ (FET: field effect transistor) C0||^6^{C:J> 

ffi5:^&J^» J; D EEPROM-fe/K^^ ^ y ^^ffiSrSJiSii 

[0003] EEPROM-fe/l'tt, K U'T.^'fill* y Y 

•So Z.<T>tz.^. EEPROM-fe/H^WFET {i. -f^a^y^l/^f 
JSV^XfiM* L</il>o $f>»C, EEPR0M1r/Hi7'D^7 

[0 0 0 4] 7'n^^7 5;v^4^co^{^;^#ii. y-;^{gij 
*^y •yjSA*ffli/^s^iH]igt-s;ii:/4s-ets, v-;^ 

dills' h • =^r-\ry-1raASrfflt'»TEEPR0MSr7'n4^7?i^ 
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[00 0 5] t^oT, 

[0 0 0 6] 

10 mm,m\ -m^. *^M«^»^tt^^y (NVM: non 
volatile memory ) ISBi:. NVMgiCT ^ -fe^-f 2>:;^ft 

irSrffiW-rSo *^M(CJ;!?, NVM i^S(4, y-><:{^3£ 

h7i'v?:^^5' (FET ) 4r{ix.5o NVM ^eSr:;^^:/^? 

y -ir^iSiW^^^- h TW5"-r -^^/i-^ilSc^Jll 2 l^:5>rtT-ADjS 
Six. ^JIWy-hwTJc#?5Et-5^fl;ei^{caA$ti 

iSE^^mg (fcix.tfJ[SgB-K{b->y i:. 

y-b«T{c:$>5±ia5^ms (fci:x:tf±^-®?{kv'y 

=i>'^) i:.,^-tL?>«ra{::fc5a{kv'y avJitirio 

■fliW h 7 ryy" • ■y"'t' h (charge trapping site) '^'^ 
tf, NVM i?Stt. fctxtfiE?L^£ifC0^2;gH4(DSi?f=^ 

+ y ■tsr5^-^^/t'««e*>e>^^b:-> y = v^irtfjiaA-rs 

:i t {C J; "9 JB* S ix 5 „ NVM X - ^ 5: tt^© 5 

An^ixSo JSkJ-. FET © KWi^Jc^-a-Sns t s/ big 
Sritix5m«E*«l*i-f5;ii:»cJ;9, x-:J';iSNVM 

[00 0 7] mitt. *^e^(C J: 5NVM -fe/U 1 0 :^C^© 
:!^:^y s' h • y-h • p«*yiggO»r3D0-CfoSo NVM 

$ti5J:5Jc, NVM -fe/n 0 (-fuify 

40 5>^) Jb"J;W^*;4SprBe-efc5<, e^o-C, NVM -fer/H. 

oli. «^6^tcm*#iAnrHg^<cij§«ii^fflp<^y (eepro 

M: Electrically Erasable Programmable Readonly Mem 
ory ) -Ir/ui: tl^liixS, 

[0 0 0 8] h«|jt 1 5 tt. s« 1 1 ro±ic# 
^t^mnM 1 4 i 1 4 <D}L(Dm^^— v\Qt 

2:1ix5o my-h I 6tt. Sl>(C>JtlRl-r5ffiiJMl 
7, 1 8Sr*-r^)o Wi: LT. SimJil 4tt, jKI3:^y 

y-^ (nra) tiyi^y^m-i onm(Dm-^^^-t^mf$.^~m 
iti^v ^lymxh'o . m^^- h 1 6tt, 4± 



5 

5 0nm/iV'>U*?)3 0 Onm(DW-yi-^^ti>^"^^'y ^) 
iKv^i^aV^tU?., il^jy- h 1 6 (4. it^m 

[0 0 0 91 KWV®igt2 2«Sa#4^-M 6»{||JS 
loo 10] fc^rx.lir^'fkv'y 3>'S2 3 7iifWf|« 

^-45^ h 1 6 <K>isim 17. 18 {cp^rsi* 

mi 2WA<0±\cm^^ti?>, *if*L<li:, -K{t;-> 
y 3 VJi 2 3 fc Z-itm 5 nm/il L-^ 1 5 im<om^ 

ffl^/^T?g^$i^5„ SHgf-fk:/n-tr;^(4, ffiiJH i 7. l 8 

iciQ^xm^'if- h 1 6 ^t^-fb-rsoT', -^{kv-y 

=iVJi2 SttftiJSl 7. 1 8\^^^Xhm^^tl?>o h 

V 14CD|fi5:5>/i5^s'^>- i/^5fe $ tV. * 
^® 1 2 ±{C Z.gfibv' y 3 >Ji 2 3 ;iS?i^fiE$ixSo ^l&K> 
JIJS{»J{C*5l/>Ttt, HK^kv' y 3 2 3 14. 
h 1 6\ci:ioum^tifj:^mWMi 4roSi5^>±(im$ 
fct;t(4. ^5n^l/<C^^UllJl 5 nraWJl^^Sr^-f 

a^bv- y = ve 2 4 ^jj -m^cv^ y =■ 2 3 (7)±icw^^ 

mt^y y 3 2 8 if <^»J<o^mS^5g-(iiiy y 3 
2 4C0±(c?gfi£$ix2)„ -^-(bv/y =»:^g2 8 (4, 
-> a y CI -tr ;^ ^ fc jiffRgf-f t: y ct -fe ^ ^ ffi t ^ T -f- 

1 0 0 1 1 ] zK-fb-> y 3 vs 2 3 , m.it^y y = 2 
4*3j:o5-ie{bi^y 3 v^2 8»4, mit<^-mm-^ 

it^ (ONO: oxide-nitride-oxide) ftSIIP 2 5 4r?gfi£-f 
5, :iix(4PS;ttaga5i: ti¥(4tv-5<, ONO aggB2 5 
(cjsi/^T. z.gsfbv'y =':^S2 3(4j£asK«Jiiri^tf 

ix. ~ K^k-> y 3 V® 2 8 \t±umwM t ms-ix,^^ nv 

(fci:x.(4a^) ;450N0 S^$15 2 5 f^JcaA^tu. m\L 
'yV =^ym2 4\H\cwm^ti?>nMV7 • -f^ hfH 
■CMffi^tt-S, NVM -fe/H O^JS^^/i-r-iS'^^f^Sr^r 

■rsfcfeicii, jssppmJi 2 3 1 ±sp^^ 2 8 iss^i,> 

zb*m-iL^\ mmm2 3. 2 8i^(d^pii^ 

*/hPg»cp]Jx^):ii:/OWS Ll^ S{l:->y =^^2 4« 
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xtf. ^^kv/y =>>'@2 414, SixNy-C'^$tv5^k!^,ffl 
fifeSr^-r S V y 3 ^'jcSAyfc'^fkfe^ i: -r 5 ;i ;i5T't 
5. fcfc'U 3i[ty (Dlt(43?Sl-4 J;t)>C#l\ 
( 0 0 1 2 1 ©JI9<>'- h 3 2 ;5S0N0 a^SfU 2 5 CD±|C# 
S^5o UM^- b 3 2 (4, S^y- h 1 6 
fiiJIg 3 1 i , {|i]|g 3 1 SffiiJH 3 3 t Sr^-r-S, 

^Jt LT, WiS^-^'- h 3 2 I40NO ^^gp 2 5 ±.Km.nM 
Stt' V? a J: Of V 5 C: t IC J; *) Ji^flfe 
^ixS, iff*U<f4, ^^(4*^2 0 0nra/^l.-'L*>l3 0 

7'^■^r;;^^ffl^,^-CONoag^fB2 5±{cx3lfv'i/3 v$tt 
Sl/^lfexSt. ©^-5^- h 3 2f4. h 1 6 

Sri^W^L-l/^ ^Jilpy- h 3 2 <4. 

<4y>'*fci4t^'r if (On mmm'<:i-yx\ im 

^S:?i^^-r6^n-ir;^l4, iSS^y- h 1 Q<Dmm.l 7{c?B 

20 -rs, Ld^u. atRy- h 1 6 <r>mm. 1 7 

fav'y =:/{|i)ll;^'<-f-»4, NVM -fe/n owi(if^{c{4M 
-^L/^w &Sll:te^BJictJ^^-c^4, z-fnt^n'^n^Ly 

Ot/^So Si|co||Jfi^»| (ms^-erf) (c*Ji,>TI4, rw;^ 
'<-• y-^iSNVM -tr/H 0^(DTi'-ir::^Wli¥'PK. SMSiE 
W'<>'U/i if cosqimffi U''</uic^-a- $ n-5o 
10 0 131 Slltap-i^- h 3 2 «ffi!l^3 3 irai*?^- h 1 

6 omm 17 t i^tini'tir^^x. 'it t x.(4S{k!^;^'< 

—^^3 4, 3 5/j:if(Omm{^^^—fmm^h^oiti- 
30 * L < (4. !^ 3 4 (4$iJ»y- h 3 2 SrS 

5, y-;^®«3 ett^-fki^;^^— !J-3 4i:lE-&$*i 

5o fiBJtLT. fctxtfy >'*fcl4t^'f':ty/ii'(7)n 
iSmSro-f :tyimAi-^ e e.S-^'l' ;t>'aA7°n-(r;^ 
Srffli/>-C. y-;^^li3 6Sr?fMf5. y-;^««3 6 
*5 J; K v^lK 2 2 »4, (Offltc^ -V ^/u^iS 
3 8?&S^t-5o ■i-|.^JSI;?L5i:, ^-v^/i^lgS 8;!)S. 

\''y^ymm2 2A-hy-:^mi^3 6^mx^. 

J\^m 3 8 (0^ 1 gP3)-(4, ONO mmU 2 5 4o itjj^iwy 
- h 3 2 «Tf-fe 9 s ^•V^/l'^iSc 3 8 2 g|S^>l4® 

40 h^jgi 5toT(c&S, ^'ft:ife;^'<-f-3 4. 3 

5(4NVM -tr/H 0lC*Di/>T(4ff:«X-fo-5Cir^SA#rji# 
fct, \ NVM -Ir/U 1 0 i>^m.^t<^:^'<—f 3 4. 3 5 Sr^i 
Jivft#oltl60iJtctii,>TJ4. y-;^ffl«3 6 »4SiJ«Si-ii' 
-h3 2(Dfti]||3 3i:S-^$i^5o 
[ 0 0 1 4 1 ONO 2 5 ^iSffi 1 2 ±.\m^-th 

•^u-\rMci:<o. m^^—Vi6<o±.\z.hommmUf>^ 
m^^tih (lajp-Br-r) , jI^J'^'-M 6±g|5l::*>50N 

0 mmut. s«® 1 2 9 aft^;^'<-f- 3 4 . 

3 5(Cj:"9f*S^ix/il>0N0lgP2 5<Dgi5:5^ (lli^?;* 
so -f) i:^S, • yn-fe;;^{c*Jl,>-C^*$tbSo 
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NVM -fe/n o«y-;^a®t L-c^|gt-5o * 

NVM -fe/H OCD KU-f^-SSt L-C^te-r 
5. v'y3Wb-g-^«^4 2. 4 4. 4 611, mb*8!l^ 
'<-f-3 4. 3 5 r<7>fc4?), rtl^ttg 

y => ^y\\L^m (i^ y k) mm.t hms-i^ 

5, v'y =Wk-&i^«i^4 2, 4 4, 4 6tt, NVM -|r>'W 
1 0F>1©^^ffitiLS:<iJSi-5«-C, NVM -fe/H OOTttffi 
Srefelif-rSo L«»L, v'y 3V-(t:'a-i^«5g4 2, 4 4. 
4 6«NVM -fe^H 0{Ctil/^T(lttE<D«figgq^>-e$)Sw 

[0 0 1 5] v-y =>''fk-g'!^flf-ig4 2. 4 4. 4 6ro^ 
CK^ti. StRl l±tCif&^S (El^-fr-f) iiSJI^^^tv, 

*iJi»y- h 3 2. miR>f- h«®4 2, y 
-:^m«l4 4 15 J: 0 K u-f i/-^ 4 6 $ 

[0016] 0111. ftij^'/- h 3 2 tm^f- M 6 

rix(l*«igSr$iJK-t-5'b«-CJl/irv^ -^^^Broft: 

#(O||^60iJlc^D^^T(l. #fefB->y ^vStf^y-h^i^ 

Ji^^^ixSo *ll;te«sjic*ii/^Til, ^i^^fav-y^v 

^iJia?^/- h;4S±{C#?£L/il^0N0 agg|5 2 
5<^gB^J-|l3i5'^>'^^*$ix-5, ±*ffil2±IC^S 
Jil 4;iSgag$4x5o :tvaA*llff LT. *J#py- 
hi:S-&$4x5y-:^®lS3 6;SS?gAK^Fix5, %2^^ 

[0017] J; 5 NVM 1 0 II, p ^ 

WT'll^il/^ ftWro|IM«?iJfc4oV>-Cll, NVM -tr/H 0 

(1, n 'vmm^Mwm.t{\^'(^iSL^i\,i>^ ^^^/i^-^ 
ry 3/ h • hFET -cfcSo sij©lllfi«3ijc*ji,^rji, 
NVM -tr/n oji, n mn,m^mt^&mfH\cM$ti?>p 

•y-hFET -C-feSo $e)Jc:SIJCO||J6^J(C*3(,>-C(l, NV 

^S!<c»^7I>'^F*1(cf^^$i^5p • ;^7'y y h • 

-^-hPET T-fc5„ 

[0 0 1 8] laiWNVM -fe/H 0^e^T^'ir:^Jl, 3o 
OSP^>«r-^€f : -f >i)b*>, NVM -fe/U l 0 SrT'o VyS.^ 
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^■r?) :^ t , NVM -tr/i' 1 0 Srri*-f-5 r t *J iWM 
1 Od^br-:^'S:BSi^©5CiT-fe5o wtvbJl, NVM 

■fe/n o»)itRy- n 6. sij|^y-h3 2. y-;=^M 

[ 0 0 1 9 1 NVM -feyl- 1 0 S:®^6<JJC7'd ^7 5 V:/!" 

n 5 V^'jgjliy- hmJE;i^ S^^y- h 1 6 \z.m 

{fy^y^ • y-:^m-45y-^®1^3 6tcP(]^p^i^ 
■5. rn^^^^'i:' • y-:^flEJ:9 t^i/^y 

D ? ^'^'ftlJi^y- hSff iSSffilWy- h 3 2 JCPP^P^F 
tlSo ^JtUT, 7'oi/7 5>'i/iiJSiy- bSEll, *?) 
ijK/i'h/<ev>L|5j2*Vwh, ya^y $ • y— j^a; 

JE(l#^) 3 b /il > L*^ 5 h ^^y $ >'^^$IJ 

[0 0 2 01 y-:^^ig3 6<1, KU"f'V^l$2 2 iij 
tiSi'>S/Ei^'</u-{c&5(0'C, n ^■^'j^/w • ;^:/y y h 
•y-hFET 1011, Steteib^- KTlbf^-rSc gl/^ 
m;?L5)i:, y'n^^y? Vi^4>(l, y-^^if 3 6 /iSPET 
1 0 O K U'-r V t LT^ttg L, K ^-f VMiS 2 2 ;iSFET 
1 O(oy-;^i UX^sgf 5. ^btc, jlS^<5''- M 6 
tt, m^V-Vm^l 5WTW^-r^/l^J«3 8gB5^0 
<th Wffi«ffi:5>fc*lt , K t^-f 2 2 comjE u 

30 hfll^ 1 5 OT«^-1r^>'l'ffilt 3 8 0)&^t^:ty\z.t£ <0 

'<yffl«2 2?5^P>%itL, iltRy- 5 
- h 3 2 i:corH^cD^-y^/u®1^3 8gB^>Sriii:-C^)D3i$ 
Slgf=3E--r y-t^5y-;^^Jt3 efcPg^L, /i4o;!i» 
o*lJi^y- h 3 2roTICfe5^^^/U««£3 8gP5>{c¥lJ 
*tSir, ftiJ|Spy-h3 2(cJb-(1-5,ift«JI{CJ;'9?lto 
nhti^<, *s/ h • yiraA7'a-lr;^(c:4oi/>T, B 

iSf*+ y ^-itmit^nm 2 3 u-caA^ti, 
h 3 2 iDim 3 1 (cgs^E-f-sa^kv' y n 2 4 

40 f*9(cMffi$ix5o Arolli^=Sr-vy-t, 

•\'^/i'IM^3 8A^hmt'>l> 3>S2 4rt(c:^i!)-r2)t- 
on, «y^-/- h 3 2T(0^^^/l^m5 S^fP^^roUtt 
mffi;4S±;a55„ -<ofc*, •^•\'4^-'U®lS3 8iSriismiilt 
/a5T;*5i!)^ ^s- h • y -taAWJiStT^iS?), NVM 

o^-b:fvy7 ^i^ymE.mm^titc^^, sa 
'^tttfc:^ y -viis<b-> y 3 2 4 

\ctj:?>, n 1 ^mm. it t x\-mm 1 mm 

/H 0(c:*S-;W$tl.5, -r'JC*3*>, NVM -fe/H O^iS^^ni^ 
50 [00 2 il 7'n^^7 5>':/- :/i3-fe::^ro^l, f^-r^^/u- 
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sli^S/hPStcfliX'So /iK UT. NVM ir/H O^^n^ 

[ 0 0 2 2 1 NVM -fe-'H 0 «rS^6<)lctg*-t-S{c:(l, 
JEEi 9 'b^g:l/^^B**lJ^Sf hmSr^iJiS^/- h 3 2 {cpp 

\.m 7 hT\ tN*sji^y- vn&nm- wif^ivy 

NVM -t/n oSr?^* 
il^y- h 1 6 (cPp^p K U"C l^ns^^ K u^r V® 

i'«JlSlc2 2 J; 9 t>®i/>mffiU"</ufJ:fe5<Z)-C, m^f— 

NVM -fe/H 0*rB*t-^)SiJroft#Sljfe«»J(i4oi,>T 
tt, 2 sK/i' h /Jt > LIS 5 JtC/P h <0«E^5 K V-i 
2 2{C^JP^ttl, Kt"f V^«2 2*>f)^-V^/W®lS3 

5. 

(0 0 2 31 y-^||l«3 6 i:0JW- h 3 2 irrow 

k x.(ii^ 1 4 jK/p h ^ 1 9 sK/u h WiSiaH 
^cDfcfcfc, SiJ^ai^^- h 3 2TW^^^/Uffiigc3 8135^^ 

iSJ^^fi- y-V-efo5iE?Lrt. Sijffliy- h 3 21c4oi/^T A CO 
aflElcj; 9 51 toft e>4x5o 3J-> y h • =5r-r y i'aA^^a 
lr>^»c4oV>T. jE?LttK'ft;ife^ 2 3 ?r:JM^T. ONO 

T'n-fe^^tt, M^tv-U 3>'S2 4 7lS|IK6<3ica;^6<3^tt 
*)5l^ttiElC3(ES^5ti5*Tig<, ?B*ltJE*SNVM ir/P 
1 OA^?>^*^ti^i:, ^{b-> y 3 2 4 li||Re<3(c 

|g2^ait, fci:x.tf^SO;!)SNVM -fe/H 0 
-f^jJib-fe), NVM -Ir/H 0;SS?g*$tl, 

10 0 2 4] r^*ya-fe;^«Ps1«, Miti^V =^^^2 4 
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^il^o M^hyyy^ ■ -f ^ bl^Ofii^iSFowler-Nordh 
eira • 7°^^r;<(CtJ^^Tfl;W j-T" • f-'f h 

li. ONO ^Sla5 2 5rttcJl^^±g5^m®2 s^JSnTtef-'te 
(9, ^rtijci ijNVM ir/n owr-;^'^%^t*se^:S$^^ 
2>. 

(0 0 2 51 NVM ±/i'lOi)^h7'~i'^mh-^i>K\t. 

10 fct^tf^tt!lSJI/^if(7)i?^y->^m/3E$ry-:=^ffl^3 
6{cRJip-r^. SS©y-;^m/I^:3IK6<){c^L^^^>fe5 

Jgt3 8|f|55)-/5S:t-V(;i/ii9^S't4?r»0, Sg»y-;^^ 

Lm 2 19 , ii^y- h 1 6 limaia/EVDD 

Vdd mo. .9 5K/i'h/j:i,''L*lJi. 87j?/w 

(0 0 2 61 NVM -tr/H 0;S5:/nr7 5 >^$ix5i:> 
gtj^y- h 3 2 T<^llfkv' y >g 2 4 ^5A(i^«$tL 

5. Mwy-h3 2T«^-r^/i^«E3 ssp^^ft. um 

y- h 3 2 T<^mti^ v^'^m24 iimv^icm^^^^ 

M -fe/n oi)m^$^^li>t. mn^- h Z 2T«^-ft;v' 
y ='>S2 4ttll«e<jfc««6<j*ttlc/i:S>»\ feSi/^tt 

iEtC3ttt$tv5„ *JW- h 3 2T(0=f-\:^/V^i$.^ 8 

9 t<at^@ifitsisr*-rs. mmmv- hms.fi. nv 

M -feyu 1 0 ;5S7°n ^7 5 *IJW- h 3 

AfiLV\ Sc®W^-y- NVM -feyn 0 

^-a-li, ^^r4^>'i'm«3 8(l#3g«tti:/if9. ^r^it 

^•Y>'®1^2 2{cfe-^$ti5«^^titif§ (m^-fr-f) 
a. rro/h$v^a;iJS^^*iLT. NVM -ir/n oA^h. m 

fcNVM ir/H 0/5>t)X-i5'SriS^©S:S-^(l. ^-v^/U 

so tfi&f)! O/iA a±i:::<ct</.e5, K U"f vffli^ 2 2 Jc^ 
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[0 0 2 7] S?®57'n-fe;^<ora, y-;^^lS3 6(iK 

l^«i;t5t, NVM ir/H 0 {cgffl$tiSx-<5'{c*l-r 
iamam (IH^-frl') Jit-j/hi^ (EI i (cttlilTj^lirf) 

sr:ft- 1 T K '^mm 2 2 {cite-a- ^Ftb, K 2 

ftNVM ir^H O^C^Dl/^•Ci^/^$^/■'o NVM -&/H 

[0 0 2 81 El2tt. *:«PJ(cJ;S;^7'y 5/ h • y- h 
NVM ^B5 0 60iBi^lB&I§]T-fe2>. NVM 5 Ott, ^f^^ 

S, y^yy y h • -5^- hFET li, NVM gffiS OtCfcl^T 
^^y --fe/Ut LXlttlt-So Tl-'l'rt(75^;^yy h 

• y-hFETi4, y-^tR«i:, KP-fvigJStv y- 

FET (1, 1 tfj/ h©x-<?Sr*&«^-t'5o t¥oT, T 
F'iro;^yy y h • ^- hPET Ji, NVM gas 0{C*3l/^T 
tfy b ••feyl'irtllftftlSo »*L<«:. NVM g@5 0 

y h • bFET 11, (a i icia^^n^^y'' 

y J, ), . y_ J.NVM -fe/U 1 0 ir«3t6<3{C^ Lt\ HI 2 

NVM gS5 Oil. ffiSw^cDtrtttSciit 

lO 0 2 91 NVM Sias Oil, y-^^5 2. 5 4i:, 
WS^ 61, 62, 63, 64^, W'^^k 7 1, 7 2. 
73, 74i, tVhi^Sl, 82. 83, 84i^r:^^ 
UTT^-t;^$ixS, NVM g«5 OrtCDK':^ h • "fe/l^ 

II, fci:x.litfS-g-*5j:05?iJS^ 
ici'jTKU'^^m^^ti-S, mmicJai^^T, tr-yh- 

-feyi^ 110, 120, 130, 140 11, ^ti^'ti^ 
1. 112. »3tJj;o«^4^JiC'(a:S-r5o m2ffic*,"i,^ 

T, f s/ h • -fe-'U2 1 0. 2 2 0, 2 3 0, 2 4 011, 



(7) 
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3tT{-*5l/NT, tf y h • -tr/US 1 0, 3 2 0, 3 3 0, 

3 4 011, ^timm. ^2, msioxxj^m^mKiiL 

a-f-5, ^4tTti::*ii/''-C, ITS' h • -fe/t'4 1 0, 4 2 

0, 4 3 0, 4 4 0(1, ^n^timi. m2, mston 

05^4JiJlC'(5:B-r5o 

[0 0 3 01 y—7.m.5 211, Blfr(Dify h • -fe/H 

1 0. 1 2 0. 1 3 0, 1 4 0<0y— 1 1 2, 12 

2, 13 2, 1 4,2\Citi^'ih,^m.^i^^<, y-:^B5 
10 211, M2tTOi;'s' h • -lr>'U2 1 0, 2 2 0, 2 3 0, 

2 4 0(Oy— ;^ 2 1 2, 2 2 2. 2 3 2, 2 4 2lct,^ 

y-:5^ilft5 411, ifsfrwif y b • 

-tr/P3 1 0, 3 20, 3 3 0, 3 4 0(75y— 1 2. 

3 2 2. 3 3 2. 3 4 2lC^tumg^ic$ix5, y-;^ 
195 411, ^4tTroK'j/ h • -fe/1'4 1 0. 4 20, 4 3 
0. 4 4 0cDy->^4 1 2. 4 2 2. 4 3 2. 4 4 2 |C 

Cy->^m^C^^'^^r6^^^y h --tr/Hl-igLTjgi^ix 

5(D-c, m^ytt yi'^m^-tio NVM IIS 

20 son, mi*Jj;t/||2tTrt«)f 3/ h --Iryw-efllfig^ti, 

[0 0 3 ll ilSlilSe 111, miffi^K-s/ h •■fe/n 1 
0. 1 2 0, 1 3 0, 1 4 OCDil^y— M 1 5, 12 

5, 1 3 5, 1 4 5iz^ti^-timm.^ti?>. m^m6 2 

II. ^2fTf51f y h • -lr/W2 1 0, 2 2 0, 2 3 0, 2 

4 0 roatRy- h215. 225. 235. 245IC-?: 

ilJRMe 3il, Ustrots' S 

/W310, 320, 330, 340 (Dm^f^- h 3 1 
30 5, 325. 335, 3 4 5 lC^tt^'ixg^i^$tL5„ il 
^«|6 4ll, ||4tT«)lf s/ h • •fe/U4 1 0. 4 2 0, 4 

3 0, 4 4 Oc^ii^-/- h4 1 5. 4 2 5. 4 3 5. 4 

4 5^c^:^^•?:*^^^^$i^5o 

[0 0 3 21 |IJ^«|7 111, h • -feyH 1 

0, 1 2 0. 1 3 0. 1 4 0«*!|?9y-H 1 6. 12 

6 , 1 3 6. 1 4 6 iCitli'ixmf^c^i^^. UMB 7 2 
II, ||2?T«lf J/ h • -fe>'U2 1 0, 2 2 0. 2 3 0. 2 
4 0 (D$IJt^y- h216, 226. 236, 2 4 6iCi 

ti^fimm$n?>, mmi^7 311, m^rrnyf-yv-^ 

40 yl'310, 320, 330, 340 nUm^- h 3 1 
6, 3 2 6. 3 3 6, 3 4 6 iC^rtvm^ii$iX-5o SIJ 
1^197 411, ^4tT<OtV h • ■fe/U4 1 0. 4 2 0. 4 

3 0, 4 4 OO^IJI^y— b 4 1 6. 4 2 6. 4 3 6, 4 

4 6(c-?:ixmSiei$tt5. 

(00 3 31 t' J/ 8 1 II, ^ 1 ?lj<^ t':y h • iryU 
10. 2 10. 310. 4 1 Oro KU'-Y>'1 1 4, 21 
4. 3 14, 4 1 4lC^:tl^ng^igg$tl-5o Cs? hill8 
211, ||2^Jcoe;' h • -Ir/H 2 0, 2 2 0. 3 2 0, 
420CiKW'f>'124, 224, 324, 4 2 4\C^ 
50 t*f h«98 311, ||3?iJroii'3' h • 



(8) 
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•feyH 3 0, 230. 330, 430C0Kl/-f:^13 
4, 2 3 4, 3 3 4, 4 3 4 IC^rixmS^^tb^o ^ 
5/ hiSS 4tt, :^4?lJ<^tf 2/ h • ir/H 4 0, 2 4 0, 

3 4 0, 4 4 0<?D KWV'l 44, 2 44, 3 44, 4 

4 4{C^ix.^^ix^gM^tlSo 

[0 0 3 4] NVM OrtcOlf h ■ ir/Kt. mflBtC 

tfci^o fci^;ili. y->^JS5 2*3J:tJ^y->^/|ft5 4Sr 
<^^1, ^2, :i|3iDj:r/B4tT<^fcr> h • iry^coy- 
LT. NVM i^gSOtt. fri, ^2, ^34Q<tt;?|g4tT 

^ ibtc^m^r 1. 7 2?^SV^^cfe'g^L. SiJ»i»7 
3, 7 4$ri:v>{C^^-r5:^ttX*^So UT. ^ 
l*5J:t;^^2tTrtcDf 3/ h • ir/Hi 1 o<7)$iJij?3SS:*^ 

m3:fo'J:t;5^4tTF^CQt'5/ h •i?/U'd:io<D*iJ|^)IS 

[00 3 5] NVM ig« 5 0 \h<D^ bf h • -t/^S:i@giJ}^ 

■fe/l-rttC^&^^tiST'-^t. t'5/h«S8 1, 8 2, 8 
3 S tc\± 8 4 5ritix5«i5E^«l^'r -5 r <!r J: 19 fBSU 

5^ Y • ir/^«:*iiooy-:^j||Sr**U. -©UXm^fi^J 
}rJg*1-5:i<h;d5-et^o ?£oT. NVM 3S115 0«1>^7 

[0 0 3 6] NVM S^B5 0P^<7)tr>^ b • ir/t'. /c<!:x.tf 
Ifix h -ir/H 1 0. 1 2 0SrS^6^t;i7'ni5^7^>'^ 
tcit . fc i: ;i tf*^ 3 jK/U h > 5 h y- 
• yp^/^^Vi/ttJESry-^^^S 2{cPPAP'r5o 
t ^««?J 1 b >i V ^ 2 h 1 StR:/n 

M4ff(D\f^y h * ir/un. 5/ h • ir/H 1 0 , 120 

;itfail!!mffi<i:^com2ii^^n^7 ^ :^^m&i:m^ 
«|6 2, 6 3. 6 4{cSl^JP^5r.t(Cj;<9:4-^tC;^^-5o 
fc 8 tK/u- h /^i ^ L^^ 1 0 tK/w h (omm^^ 

IEVdd 5:t :y h«|8 3. % t> hiSS8 

3. 8 4«c:Ppj0$n5mAfcf3/h •7'n>5^7 5>'>/«lE 

iitRi^e ncPpjp^ix^s^iilS^y'n^/^^:/^!: 

BEttO^tt. e5'h-ir/H 3 0. 1 4 0C0il^y-h 
13 5. \A^(n>^^(ni^(n^^^)v^mU':^(nm\%% 

112 fcV h • y'nii/?^ hi^B 1. 8 2 

lcRi;(jD$ix5o i^oT. t^y h • -ir/n 1 0, I2 0;ii5 
:^>^<t/cf!9. Setgld^- KT^ibf^f 5o m^%7L^ 
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y'p^y^^:/- yDir;^<^)PRl«, y-;^ii2, 
1 2 2 f y h • ir/U 110, 12060Kl/-rytLT 
^rti^'tilitgL. KU->f VI 14. 12 4tttfi/h-±: 
yVllO. 1 2 0<Dy-y^i:UT^ti^*ti«l|gi-5o A 
coa;iSf=^^y-^. fci:;itfm^;55tfs/ h --feyui 1 0, 
120(^Ki^^>114, 1 2 4;5^?)-?:iX'?:*^x^^U. 
tf5, . ir/H 1 OcDjltR^T*- M 1 5 tmm^- h 1 
1 6 t(Df^<Di'^^/i^i$ii3i:Xf\f^y h • ir/H 2 0 CO 
h 1 2 5 irfflffliy- M 2 6 i:corfl<0^-\^^/u 

110, 1 2 0(0©J^y- H 1 6, 12 6T<^^-^^ 

ir;55M^y- b 1 1 6 , \2^-r<onmYy y-f 
hF^;caA$tl.5<t. $1J?S)</- h 1 1 6, 12 6T<^^ 

20 -ir/nio, 1 2 OS:iKtL5miiffid5-p;5Sf[)^ . 
^-V y-yaA<^)iSStT;65'5o NVM ^e5 0;^-e5 7'n>/ 

^asy-hll6, 1 2 6T<^m?S^h5:yy"' hrtJC 

0. 1 2 Of^(^*&*fl$ti6o "T^tfJ^'^fcfs' h -ir/H 1 
0, 1 2 0;657'ni/7 ^ 

[0 0 3 71 NVM S^SSOcOtfs^h • ir/K fctxtf^ 

11. y-^r^^mffi^y-^^^s 2tcRi^pu. atsim* 

30 ®£^SiJt»i8S7 1. 7 2{C^Ap-r5o 0iJi:LT. iias* 
h/<Ci/^b^ 7#/u h(;DjE<0^ffiS:y-^*B*^ff L 
Til^L.Jft- 1 l3^^/^^7i^/^U*^3-9:^K/^'^<0:Scom 

;^6 3, 6 4 4octt>'©jm«7 3. 7 4 tt, g^Jfe«JEl^-< 

6 2:fQj:0?l^':y hi^8 1, 8 2, 8 3, 8 4 ftg^JffiSffi 

6 1, 6 2;fcJ:t>*hrV Ki»8 1, 8 2, 8 3, 8 4 l^i* 

40 yuh/^i/>U^-o. 5.1f/uh/^ifo®i!^m±m;55m 

hm*SJE755if y hiig8 1, 8 2, 8 3, 8 4{c:Pf]JP$ 

bi^8 1, 8 2. 8 3. S4{cmn$ 
tl. \'^l^^>/)^h^lff^>i:rJ^2ff(D\:^yh'±/i-<D 
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10 0 3 8] ^lioX.xy-W.2fr<D\f y Y • Ir/i'CDy— ;^ 

5 0 7!)>fel^*$ixSir, ® l*Jj;t>-m 2ff<Ot':y h • -fe 

atf, fctx.(i^SO;»Str J/ h • -fe/H 1 0, 12 0, 
130, 140, 210. 220, 230, 2 4 0rt{C 
mm^tlho -rt£t>-h. NVM ^{t5 0omi*3j;tJt^2 

10 0 3 9] NVM 5 0 CD t' J/ h • ir/l', t f 
yh--ir/U4 30, 4 4 O^^fjx— ^SrSS^^'Sf^lli, 
^liltR9E©«JESrM*iit66 4 lcBl*Di-So ■fi»]t LT, 

\cm^^i\'^o ^1. 112 *5J:05|| S^TrtOb-y h --Ir 
/Uttlf s/ h • ■fe''l'4 3 0. 4 4 Od»e)«)r— ^<0^iR:r 

□ -fe ;x (iM 4 L 1/ >0 T\ i X. lig^ifeSffi ifcDH 2 
Si»?K^€JESrjlifiiS 6 1. 6 2, 6 3, 6 4 {C^^p-T 

. fc t x.ffSJfi^S: y-^^iS 5 2. 54 {C^^Pi" 

5„ ^1JK/Ub^il/^U«2#/Uh(0^1 tv hss^ajE 
;45fs/H»8 3, 8 4(cEn;()P$^x^, ^4L<(1, 
h^88 1. 8 2lcEPAP$nS^2 tV h9gSJaffi«> y 
-;^i8l5 2, 5 4lcEPJ!ni$:ix6y-^SSSi«JBEi:ll«6<l 
f)^<\^X. ^ • ■t/U4 1 0, 4 2 0rtSr 
iS£ti-5«»S(l. tfj/ h • -lr/'U4 3 0, 4 4 OtJ^Pjx-^ 

7 4lcBlAP^ixSWI3|l«SSt«lE»i, i**L<J4, y-^^ 

i|§5 4{c^;!)P$tv5y-^iS©miIi:'>/j:< ir^^lSlCS 
aw;g$T'fe5» jlS^;^6 4{cEp;(]p$ixS^lil«lSgiR 
»*L<(i, y-^as 4icPp)5n$4x?>y->^ 

Kfl^J:?) t), '>Ji< 1 1 If -y h • -fe/1'4 3 0, 4 4 

0 ojii^y- h 4 3 5 , 4 4 s^ix-rtvrorro^-y^/i' 

^«lF|5^^«ii«mii^fcCtiei'\ i^f^JSe 1. 6 2, 6 
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1 , ^ 2 * fcliU 3 trcD tV h • -fe/uoiltR^f'- h T<0 

*P$ix5 y-;=^SSSimjEt «fp J: t<Si,\ 
10 0 4 0] K'5' h •■t:/U4 3 0dS::^n^7~ v^^^tt 

(C^m^lxS. fflWy- h 4 3 6 TcO^ + ;^/U'^MJ^gR^^ 
y V r±/U4 3 0;!ism*^ix5i:, M'^V-hA 3 6T 

(-Si;!)P^tv5©Jt^ttI&SflE(4, f 5/ h • -fe/U4 3 O^jS-y 
uifyS. V^^$tvfc^-g-(4SiJ»y- b 4 3 6 TW5"-v4^ 
>'i^«J^gp^5-wBSffi«flEJ: 9 ti£< . if s' K • ■fe/i'4 3 0 
;6SrS*$;ixfe^-^(4MtWy- h 4 3 6TW^-\'^/u®«( 

tu/ctV h • •fe/i'4 3 0*^e>r-^^K^5t5^(4, tf 
20 y h . ■feyU4 3 0W^^^/l^J^tt*^«ttt?. -tilSr 
JSSttSmSSll. fcixtf*^2;2A £;lTi:/h$i/\ \f y Y 
^8 sic^-a-^ti-St^^tiitS^ dUipiir-f) ^5r(C/h$ 
l''m»SiJrM*P If 5/ b • ■feyu4 3 0 d^bM 1 ^afi. 
fcix.tf^ai*§g^«t5. tS*$tbfctfy h • 

•fe/1'4 3 O/J^ibx-iS/^^K^^^S^Ii. tf h • ■fe/l'4 

If 3/ h • -fe-/i'4 3 o*-p>m2^affl[, iSiaosrSg;^^ 

30 Who 

[004 1] yfyY-^/X'AAOIi'i-fuify^-yif^in 

Kifm^fii,^ mm^- h 4 4 a r(Df-^^/i-mm^^ 

3/ h • ■te:/P4 4 0;!i5m^$ix5i:. h 4 4 6T 

IMilElc^m^tl-So Siii^^- h4 4 6Tro9^Y^vl^ 

lcefJAP$ix2)$iJIWW*«ffi(4> If y h • 1r/i^4 4 0;45y 

0^75 :^i^^titzm'tnum^- h 4 4 e to^-^^ 

/w^l^lfP^J-roSiffiajBEJ: 9 1<&< . h • •t/W4 4 0 

mm^ntcm'^i-ium^- yaa 6t«^+^/i^j^ 

ixtzii'y h • -tr/U4 4 0ii»Pj7'— tJ'^r^^^^^ji, if 
5, h . -fe/u-4 4 0co5^^4^/Uffliai4|^^SttT% ^:::«r 

i»8 4(c^-&$tu^.^toiSi|'S^ (m^j^-fr-f) 
so if y h • •fe>'i'4 4 0;d»?>|| i^a#:. 
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ITS' h •-fe>'W4 4 0*^t>^2^Si[. I^SOSrSg;?*^ 

[0 0 4 2] Ify h • -lr^l'4 3 0, 4 4 0 *»f>X— tJ' * 
y-;^4 3 2, 4 4 2»i, K 
U"<>'4 3 4, 4 4 4 i 9 t^tl^:*tuig;i'^fiffi/H/'</'l' 
iCfcS. mmy- h 4 3 6 . 4 4 6 TW^■V^/^^lSgP 

$ix5)JS^(i^h$i/^ $?>tc, ^1, |g2*Jj;Ot||3tT 

*PS-CS^-v^/i4l«{i. iSiRiSle 1, 6 2, 6 3»j:En 

*D$n5®2il^ttSim£E}CJ;'3^7{c/£?,, rcoyt 
mi, m2ioJ;t;«|g3?T<7)fs/ h • -tr/KDKltya 

#^>>-v'^ro^Sffitt, m#h7 5'7'-1j-'f hwmiSft 

NVM ^® 5 0 /£ ifW , f y h H^SWt'- ^ tfe#tt!SS/jN 
[0 0 4 3] NVM ^Si:-?:©NVM i^SICT^-fr>^ 

3/ h • bFET WTWSriS;?:. =S-FET 

lc#?t-t-6iitRy- h t ^*-t-5o ftiJffliy- Mi^iRy 

( 0 0 4 4 ] NVM ^S'OFET 5:7°n ? y^-t^m^ 

m^^-VU.. -f^^y^^if •zfxi'^T.n^^ 
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[ 0 0 4 5 1 NVM SiaWFET ti. ^2Stt©l;i^^^ ^ 
10 (0 0 4 6] NVM ^aOFET ^i^bx-^^a^SfS^ 

m\±^skm-ri>o pet roKu-o-ii^-^^tusf 

y KiH^sStiSmsgSrS^^t- S^tJcJ; UFET ji^bx- 
^SrSE^feS, FET « Kl^W v«:igj?y- hTW^-V^ 

[mi] *«MK:J;5^ff«tt>«^!;^BO®rffil2n?S) 

So 
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4 2. 


4 4.4 6 V- y :^>ft:>g^f 
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